Introduction
HIV-infected patients in South Africa may experience delays in accessing antiretroviral therapy (ART). Until
The study reports on outcomes in HIV-infected patients from the time they were enrolled in the Comprehensive HIV and AIDS Management (CHAM) program in the Free State Province, South Africa. The Free State has the third highest HIV prevalence of all nine South African provinces, and a population-based survey in 2008 reported a prevalence of 12.6% [7] . The CHAM program began enrolments in May 2004, initially in three assessment sites and one treatment site, expanding to a total of 20 sites by the end of 2004 [8] . By July 2010 the Free State was providing ART at 47 nurse-led assessment and combined sites and 11 doctor-led treatment sites and planned to provide ART in all 220 nurse run primary care facilities over the next 3 years.
We investigated times to treatment and pre-ART death, and analyzed CD4 count changes in patients who were not yet eligible for treatment. We ascertained deaths by linking the clinical database with the national death register, and used a competing risks framework to jointly model access to treatment and pretreatment mortality, and their determinants.
Methods

Setting and patients
All patients aged at least 15 years enrolled in 36 facilities in the Free State public-sector treatment program from May 2004 through December 2007 were followed until December 2008. Patients were followed from their first point of contact with the program. All care, including ART and co-trimoxazole prophylaxis, was provided free of charge. Approximately 50% of documented eligible patients received co-trimoxazole but almost none received isoniazid to prevent tuberculosis. In 2005, just over 50% of patients presenting to the program had a prior positive HIV test and around 45% had voluntary counseling and testing (VCT) for the first time [9] . Of those undergoing VCT at ART facilities, 95% were HIVpositive. After testing HIV-positive in any Free State clinic, patients were referred to nurse-run assessment sites for assessment of treatment eligibility, including CD4 cell count measurements. According to protocol [10] patients with CD4 cell counts between 200 and 500 cells/ml were asked to return for another assessment after 6 months and patients with CD4 cell counts above 500 cells/ml were asked to return after 12 months. Patients with CD4 cell counts 200 cells/ml or less, or with WHO disease stage IV (AIDS) were enrolled in a 3-week Drug Readiness Training (DRT) program and referred for initiation of ART. Patients starting ART obtain monthly supplies of medication from their assessment site and return to treatment sites every 6 months, for repeat prescriptions.
By December 2007, 28 clinics and EIGHT hospital sites were participating in the program. Seventeen clinics were assessment-only and 11 combined assessment and treatment. Seven hospital sites provided treatment for patients referred from assessment clinics: the eighth functions as a specialist referral facility for the province.
Data sources, outcomes and definitions
Clinical data from standardized forms were entered into the province's Electronic Medical Records System by trained data capturers [11] . Data were downloaded weekly to the Free State Department of Health (FSDOH) Data Warehouse. Unique patient identifiers allowed tracking of patients across facilities. Program staff provided information on type of facility (assessmentonly, treatment-only or combined assessment and treatment clinic), location of facility (rural/peri-urban/ urban) and, if applicable, distance between assessment and ART initiation sites (kilometers). Patient load, numbers of staff and staff vacancies were obtained from the Human Resources Data Mart, part of the Data Warehouse [12] . The number of patients enrolled per year was the total number enrolled throughout follow-up divided by the total time that the clinic had been part of the CHAM program. The mean number of staff in each clinic from April 2005 to September 2008 was divided by the number of patients enrolled in that clinic per year in the program to obtain the number of staff per 1000 patients per year. Patients became eligible for ART as soon as a CD4 cell count of 200 cells/ml or less was measured. WHO disease staging was not used to assess eligibility, as it was not routinely recorded. Deaths were ascertained by linking the database with the National Death Register (estimated to capture >90% of adult deaths in South Africa [13] ) each month, using the National Identity Number. Patients without an identity number may belong to more marginalized populations, although we cannot infer whether they have higher mortality rates. The Data Warehouse was also linked with the National Health Laboratory Services (NHLS) Database, to obtain all measured CD4 cell counts (not all CD4 cell counts were recorded in medical records due to constraints on data entry). CD4 results were reported by the laboratory and added to medical records after the clinic visit when blood was drawn. The visit schedule was used to define whether patients were considered to be in care at the end of December 2008. Patients not seen by 6 months after an expected visit were defined as not in care (the 6-month threshold allowed for patients who arrived late and also for visits to be recorded in the database). Untreated patients were defined as not in care according to CD4 cell count 200 cells/ml or less and not seen in the last 6 months; 201-500 cells/ml and not seen in the last year; or more than 500 cells/ml and not seen in the last 18 months. Untreated patients with no recorded CD4 cell count were defined as not in care if not seen in the last 6 months.
Statistical analysis
Patients were included in survival models from the time they were eligible for treatment (first CD4 cell count 200 cells/ml, baseline) to the earlier of ART initiation or death. Patients not in care were censored at the date they were last seen in the program. We estimated the cumulative incidence of starting ART (overall and stratified by CD4) while accounting for censoring due to the competing risk of death, and the cumulative incidence of pre-ART death accounting for the competing risk of starting ART. We also estimated the cumulative incidence of starting ARTand pre-ART death from the time of enrolment, among patients with no recorded pretreatment CD4 cell count.
Competing risks proportional hazards regression models [14] were used to estimate adjusted associations of patient and facility characteristics with rates of starting ART and pre-ART death. We controlled for sex, age, weight, CD4 cell count, year of enrolment, staffing levels per 1000 patients per year, facility location and distance to site for ART initiation. We estimated subdistribution hazard ratios (SHRs) for these competing events: SHRs can be interpreted similarly to hazard ratios estimated in standard Cox models, but they account for the hazard of the competing event (see Web Appendix 1, http:// links.lww.com/QAD/A90 for further details). Data on weight were missing for 6012 of 22 083 (27.2%) eligible patients and were assumed missing at random (MAR) [15] . We used multiple imputation using chained Eqs. [16] to derive 25 imputed datasets. Results from models fitted on each dataset were combined using Rubin's rules [15] . Analyses restricted to individuals with complete data were also conducted [17] , and in sensitivity analyses we first excluded patients without a valid identity and second assumed that patients without an identity and lost to follow-up were dead. Complete case analyses were also done within CD4 strata. All analyses used Stata version 11 statistical software [18] .
The FSDOH gave permission for the data to be analyzed for this study and the Human Research Ethics Committee of the University of Cape Town approved the protocol. No individual patient consent was deemed necessary as data were collected routinely for the CHAM program, and patient identifiers were removed from data extracts used for analyses. Table 1 shows characteristics of the 44 844 treatmentnaïve patients enrolled in CHAM between May 2004 and December 2007. Those without an identity number were younger, had a higher median pretreatment CD4 cell count and were more likely to be enrolled in a site which could provide ART initiation. New enrolments to the program substantially increased with each calendar year. The median CD4 cell count at eligibility moderately increased from 87 (37-142) in 2004 to 101 (48-154) cells/ ml in 2007. However, in the 20 sites that opened at the start of the program in 2004, median CD4 decreased from 102 to 97 cells/ml over the same period. This is surprising as we expected initial CD4s to increase as the sites became more established in the local area, and this suggests the backlog of eligible patients remains for a number of years after a site has opened. This may be consistent with other evidence of barriers to care previously noted [1] . Among 2990 eligible patients with a previous CD4 cell count more than 200 cells/ml, the median of this count was 260 (227-318) cells/ml, and was measured a median 183 (105-309) days previously. Their median CD4 cell count at eligibility was 160 (124-183) cells/ml. Figure 2a shows cumulative percentages of patients starting ART, and pre-ART mortality, up to 2 years after eligibility. At 2 years, 68% (67-68%) of eligible patients had started ART, 26% (26-27%) had died before starting ART: thus 6% were alive and untreated. Figure 2b shows cumulative percentages for starting ART and pre-ART mortality by CD4 cell count at eligibility. Among patients with CD4 cell count 25 cells/ml or less at eligibility, 48% died before starting ART and 51% initiated ART. Corresponding percentages in patients with 101-200 cells/ml were 20 and 78%. In patients without CD4 cell counts, 42% died by 2 years and 53% started ART. In a sensitivity analysis, follow-up time was extended to the database close date for those patients defined as not in care as the percentage alive and untreated at 2 years may be underestimated. This showed that by 2 years, 60% of patients were estimated to have started ART, 23% died pre-ART and 17% remained alive and untreated. Risk factor associations with both outcomes were similar to those in the main analysis. Table 2 shows adjusted SHRs for the association of facility and patient level characteristics with time to starting ART and time to pre-ART death, accounting for the other (competing) event. Compared with women, men were less likely to start treatment (SHR 0.81, 95% CI 0.78-0.84) and more likely to die (SHR 1.36, 95% CI 1.28-1.44). Higher weight and CD4 cell counts increased the probability of starting treatment. The risk of death before starting ART decreased with higher weight and CD4 cell count. Mortality declined and access to treatment increased over calendar time. After accounting for the competing risk of starting treatment, the 2720 AIDS 2010, Vol 24 No 17 cumulative incidence function estimates that 13% of patients without an identity died before starting ART, compared to 31% of patients with an identity. However, sensitivity analyses restricted to patients who had a valid identity and 1 year of follow-up showed the same pattern of declining mortality over calendar time, although estimates were attenuated. Enrolment in a clinic with low staffing levels was associated with a decreased probability of starting treatment, compared with better staffed clinics. Enrolment in a rural facility was associated with lower rates of starting treatment and higher mortality rates compared with those enrolled in urban or peri-urban facilities. Increasing distance from the initiation site was associated with a decreased probability of treatment and increased probability of death.
Results
Complete case analyses (Web Appendix 2, http:// links.lww.com/QAD/A90) showed a stronger effect of year of enrolment, staffing levels and location on the probability of starting ART, and a stronger effect of weight, year of enrolment and location on the probability of pre-ART death. The effect of distance to the initiation site on the probability of starting treatment and pre-ART death were somewhat attenuated. Sensitivity analyses that assumed patients without a valid identity and were lost to follow-up were dead suggested that higher staffing levels were associated with lower mortality, but other results were similar to the main analysis. Associations estimated within CD4 strata were consistent with those shown in Table 2 (available from the authors on request).
Discussion
We found that the most immunocompromised patients had the lowest probability of starting treatment of all patients eligible for ART after accounting for the competing risk of death. This was clearly demonstrated by the graphs of the cumulative incidence of starting treatment and of pretreatment mortality stratified by CD4 cell count, and was confirmed by the findings of the multivariable adjusted competing risks regression. Time to ART and death were both strongly associated with clinic-level factors, including location, distance to ART initiation site and staffing of health facilities [19] . The distance between assessment and initiation site was a proxy measure of the distance from place of residence to initiation site, and therefore can represent the potential inconvenience to the patient of attending for ART initiation. Patients also had variable distances from home to assessment clinics, but these were not recorded.
The program shows improvements in increasing access to treatment and decreasing mortality over the period 2004-2007, this reflects increasing numbers of facilities participating in the ART scale-up and increasing experience with the program. However, these data do not include patients who enrolled during the Free State drugs moratorium, when new initiations onto ARTwere suspended for three months over the New Year period of 2008/2009 [20] . Not surprisingly, the patterns of associations of covariates with mortality were the inverse of those with the outcome starting treatment.
A number of patients were followed up in the clinic before they became eligible. These patients waited a median of approximately 6 months for their next CD4 cell count to be taken, in line with national guidelines. However, CD4 cell counts had often dropped significantly below the threshold of 200 cells/ml before patients were seen again. Patients who are initially ineligible for treatment should therefore be monitored more frequently to ensure timely initiation, and should be encouraged to return promptly for their repeat CD4 cell count, as has also been reported in a recent study on pre-ART care from Johannesburg [21] . Our study has several strengths. We were able to follow patients from their first point of contact with the program, and patient records were linked to the National Death Register and the NHLS laboratory database. This ensured that information on deaths and CD4 cell counts in our data are accurate and relatively complete. Although CD4 measurements were routinely taken on almost all patients, only half of the patients had these recorded in the clinical database. Completeness of CD4 recording was improved to 74% by linkage with the NHLS using deterministic matching of records. Another strength is the use of a competing risk framework which appropriately adjusts probabilities of starting ART for the probability of death pre-ART, and vice versa. As shown in the Web appendix, standard methods such as Kaplan-Meier survival estimates may give a misleading impression of pretreatment mortality in the presence of competing risks.
The amount of missing data is nevertheless a weakness of our study. Weight data were missing on a large proportion of patients and these had to be imputed based on measured patient characteristics. Results from complete case analyses and analyses based on imputed data were relatively consistent. Over a quarter of enrolled patients did not have a pretreatment CD4 and so were not included in our analysis. These patients were more likely to be men and it may be that they did not return for follow-up. It is well documented that HIV-infected men have different health-seeking behaviors to women [22] [23] [24] . These patients also had increased rates of pre-ART death, implying that many of these patients were ill and did need treatment urgently. CD4 cell counts were not measured in these patients, the counts could not be identified in the NHLS database due to variation in names, or they were considered eligible for treatment based on unrecorded criteria. A large number of patients were not in care at the database close date. These patients may have transferred out of the province to receive their care in another facility, or they may reenter the CHAM at a later date. Improved surveillance of patients has been achieved in CHAM by monthly linkage to the death register and the NHLS database, as well as concerted efforts to collect identity numbers. Reasons for missing identity numbers included patients not knowing them or, if not legal residents, not having them. Few other provincial programs have electronic surveillance data comparable to this program. Improved monitoring of pre-ART patients with CD4 cell counts close to the treatment initiation threshold might reduce pre-ART deaths. Data are not collected on WHO disease stage at enrolment. Inclusion of these data would have helped identify patients eligible to start treatment.
Previous studies have shown that patients in a wide variety of resource-limited settings including sub-Saharan Africa, Asia and Latin America, are starting ART well below the recommended treatment thresholds [25, 26] . However, to our knowledge, only three other studies have assessed waiting times for ART. A study based on the first 5 years of ART scale-up in Cambodia reported median waiting times for ART of 11.3 months in 2003, which were drastically reduced to 1.3 months in 2007 [27] . A study from Cape Town found that patients waited a median of 34 days from enrolment to treatment initiation [28] . This is considerably quicker than we have seen in the Free State program. However, the Cape Town program only included patients who were known to be eligible at enrolment and so waiting time did not include the time spent assessing patients for eligibility. A study at a feepaying clinic in Durban reported a mean waiting time of 3.6 months from first CD4 cell count to first ART training session [29] , similar to that in the publicly funded Free State program. However, the Durban study found that waiting time to first ART training session decreased with decreasing CD4 cell count, indicating that sicker patients were fast-tracked, which was not the case in the Free State program. A number of studies have reported on pretreatment mortality in HIV-infected patients. A study in Uganda reported 35 deaths per 100 person-years in the first month of screening patients for ART eligibility [30] . Similar, in Cape Town, a study found pretreatment mortality rates of 33.3 deaths per 100 person-years [28] . A study of the DART trial comparison cohort in Entebbe, Uganda, reported a mortality rate of 57.7 per 100 patient-years for those with CD4 below 200 [31] , which is comparable with the rate of 53.2 per 100 patient-years reported for eligible patients in the Free State cohort. Thai et al. [27] reported on pre-ART mortality using standard survival analysis and conducting sensitivity analyses making different assumptions about outcomes in patients lost to follow-up. In their worst and best-case scenarios (assuming, respectively, that patients lost to follow-up had all died or were all alive), 1-year mortality among patients eligible for treatment was estimated at 49 and 20%, respectively. However, these authors did not specifically allow the competing risk of starting ART.
Many of the most immunocompromised patients will not survive drug readiness training, which is required before initiating ART. Although such training may improve patient adherence and reduce the emergence of drug resistance, it also increases waiting time for treatment. Our study shows high early mortality which suggests that severely immunosuppressed patients cannot afford the luxury of extended pre-ART education. Improved ways of delivering DRT are required, but there have been no formal evaluations of alternative modes of delivery in low-income settings. Assessment of patient readiness for treatment through DRT should not be used to ration treatment [32] . New South African treatment guidelines for 2010 state that those who urgently need ART, that is CD4 below 100 or are pregnant or stage IVor co-infected with MDR or XDR TB, should be initiated within 2 weeks [33] . DRT would then have to be shortened or occur at the same time as the patient is starting ART. In general, delayed initiation was due to inadequate resources, and the shortage of doctors to assess patients and to initiate ART also contributes to the long waiting times. Prioritization of ART to those with the lowest CD4 cell counts, the ability to initiate ART in as many facilities as possible, earlier diagnoses and closer monitoring of ineligible patients may all contribute to reduced waiting times and pretreatment mortality. Increased provision of co-trimoxazole could also improve outcomes for patients not yet on ART, as it has been seen to have an independent effect on mortality [2] . All these strategies require more human resources, which are severely lacking in South Africa. Task-shifting may prove to be the way forward and is a recent addition to the South African HIV/AIDS National Strategic Plan. Trials of this are currently underway and there have been promising results so far [34] [35] [36] [37] .
As most patients start treatment well below the current initiation threshold of 200 cells/ml, increasing this may help to increase the likelihood of patients initiating at around 200 cells/ml. On 1 December 2009, the South African government announced that the treatment threshold would be raised to 350 cells/ml for pregnant women and those co-infected with TB. Although this is a step in the right direction, it must be noted that raising the treatment threshold will add to the already overwhelming burden of maintaining patients on ART, as discussed in a recent commentary in The Lancet [6] , and could lead to more delays for many other patients. To combat this, the South African government announced that ART would be available in all healthcare sites, not only specialist HIV clinics, a decision with implications for training and staffing levels in all facilities.
